Background: Inadvertent postoperative hypothermia (IPH) is known to be associated with various adverse effects. The aim of this study was to evaluate the incidence, predictors and outcome of core inadvertent hypothermia on admission in the post-anesthesia care unit. Methods: Observational, prospective study in a Post-Anesthesia Care Unit. The study population consisted of adult patients after non-cardiac and non-neurologic surgery. Patients' demographics, intraoperative and postoperative data were collected. Descriptive analysis of variables was used to summarize data and the Mann-Whitney U test, Fisher's exact test or Chi-square test was used. Univariate and multivariate analyses were done with logistic binary regression with calculation of an Odds Ratio (OR) and its 95% Confidence Interval. Results: The incidence of IPH on admission was 32%. In univariate analysis: age, body mass index (BMI), high risk surgery, revised cardiac risk index (RCRI), type of anesthesia, use of forced-air warming, amount of intravenous crystalloids administrated, duration of anesthesia, duration of surgery and admission visual analogue scale (VAS) for pain > 3 were considered predictors of hypothermia. In multiple logistic regression analysis, age (OR 1.7, P = 0.045, for age > 65 years), RCRI (OR 3.18, P = 0.041, for RCRI > 2), duration of anesthesia (OR 1.52, P < 0.001) and admission VAS for pain (OR 2.05, P = 0.007) were considered independent predictors of IPH. Patients with IPH at PACU admission stay longer in the PACU. Conclusions: IPH was associated with a longer stay in the PACU. Age, comorbidities duration of anesthesia and pain at PACU admission were considered independent predictors for IPH.
Introduction
Hypothermia is defined as core body temperature less than 36.0˚C, although some studies have considered lower limits because of a high incidence of patients bellow 36˚C [1] [2] [3] . Inadvertent postoperative hypothermia (IPH) emerges as the most common thermic alteration associated with anesthesia and surgery [4] . Despite of core temperature (Tc) normally be tightly controlled in human beings, general anesthesia significantly impairs the thermoregulatory system [5, 6] , and the same happens with neuraxial (spinal and epidural) anesthesia, even with a potential lesser extent. The result is that unwarmed surgical patients almost inevitably become hypothermic [7] . IPH is a recognized side effect of general and regional anesthesia, once normal thermoregulation is inhibited [2] , but Tc is seldom monitored in clinical practice [8] .
IPH is known to be associated with various adverse physiologic effects [1, 9, 10] . Hypothermia alters the normal physiology of most body systems and therefore will also be altered pharmacokinetics and pharmacodynamics of drugs during this state [3, 11] . Core hypothermia may explain situations as broad as adverse myocardial outcomes in high-risk patients, significantly augment of blood transfusion and surgical wound infection [8, [11] [12] [13] , delayed post anesthetic recovery [12] , postoperative negative nitrogen balance [6] , increased mortality in elderly patients with sepsis [14] , and, with questionable clinical significance, alterations on pulse oximetry monitoring and on various electrophysiological indices of nervous system [3] .
Result of an altered distribution of body heat, rather than an imbalance between production and heat loss [4] , hypothermia appears when warming techniques are insufficient to counteract thermal redistribution resulting from the ablation of thermoregulatory vasoconstriction associated with anesthesia [15] . development of IPH. The advanced age, sex, low BMI and body surface area, preoperative body temperature, history of diabetic neuropathy, emergency surgery, American Society of Anesthesiology (ASA) physical status, surgical procedure in which major body cavities or major vessels are exposed, anesthetic technique, warming method, amount and temperature of intravenous replacement, duration of anesthesia or surgery and ambient operating room temperature are the risk factors that gather more consensus for many years [1, 2, 12, 16] . Risk factors are not independent, and combinations of risk factors may be significant. It may also be important to distinguish between factors that make the patient more likely to become hypothermic, and those that place the patient at greater risk of prolonged hypothermia and/or at greater risk of complications from hypothermia because of their inability to recover from the hypothermic state [2] .
Although risk factors are identified, it is thought that perhaps these can be optimized in order to practice a more effective reduction in the incidence of core hypothermia on admission at post-anesthesia care unit (PACU) [1] .
The aim of this study was to estimate the incidence, predictors and outcome of core hypothermia on admission at PACU.
Methods
The institutional review board of Centro Hospitalar São João approved the study (Ethics Committee of Centro Hospitalar São João, Porto, Portugal, Chairperson Prof. Dr. Filipe N. A. S. Almeida) and informed consent was obtained preoperatively from each study patient. This prospective study was carried out in the Post-Anaesthesia Care Unit at the Hospital São João, an 1100-bed community teaching hospital in Porto, Portugal. All adult post-operative patients admitted to the PACU who underwent scheduled or emergency non-cardiac and nonintracranial surgery between 9 May 2011 and 31 May 2011 were eligible to the study.
Patients who did not provide or were incapable of providing informed consent due to intellectual or psychiatric disturbance that precluded complete cooperation, a history of alcohol or drug dependence, non-Portuguese speaking, distress or any severe pre-existing medical condition that limited objective assessment after operation or the presence of any life-threatening postoperative complication were excluded from the study.
In addition to informed consent, during the preoperative period, it was performed the MMSE [17] .
The variables recorded on admission to the PACU were age, gender, body mass index (BMI), ASA physical status, preadmission comorbidities (congestive heart failure, COPD, hypertension, hyperlipidemia), and admission's temperature and pain VAS (Visual Analogic Scale). The Revised Cardiac Risk Index (RCRI) was calculated as described by Lee et al. [18] assigning one point for each of the following risk factors: high-risk surgery, ischemic heart disease, cerebrovascular disease, insulin therapy for diabetes and renal failure. Data collection included the type of anesthesia, anesthetics, intraoperative fluids, duration of anesthesia, duration of surgery, type of active warming during the surgery. Postoperatively, vital signs were recorded, as well as, length of PACU and hospital stay.
Core temperature (Tc) was evaluated using an infrared tympanic membrane thermometer (Thermos Scan ® Type 6014 Pro 3000, Welch Allyn, with accuracy of ±0.03˚C in the range of 20˚C -42.2˚C-Welch Allyn Medical Products, NY, USA). This instrument was maintained and calibrated in accordance with the manufacturer's guidelines.
Patients were classified as hypothermic (Tc < 35˚C) or normothermic (Tc ≥ 35˚C).
Statistical Analysis
Descriptive analysis of variables was used to summarize data. Ordinal and continuous data found not to follow a normal distribution, based on the Kolmogorov-Smirnov test for normality of the underlying population, are presented as median and interquartile range. Normally distributed data are presented as mean and standard deviation (SD). An univariate analysis was performed to identify determinants for hypothermia using the MannWhitney U test to compare continuous variables and Chi-square or Fisher's exact test to compare proportions between two groups of subjects. A multiple logistic regression analysis with an odds ratio (OR) and 95% confidence interval (CI) was performed to evaluate independent predictors of hypothermia. All variables were deemed to be significant if P ≤ 0.05. Data was analyzed using SPSS for Windows version 16.0 (SPSS, Chicago, IL).
Results
A total of 357 patients, 340 were included in the study (Table 1) , 17 patients were excluded: 7 patients were admitted in a surgical intensive care unit, 3 patients were incapable of providing informed consent or had a MMSE < 25, 3 patients were not submitted to surgery, 1 patient was excluded because was submitted to a neurosurgery, 1 was less than 18 years old, 1 did not speak Portuguese and 1 refused to participate.
Median Tc at admission was 35.3˚C (interquartile range, 34.9˚C -35.7˚C); 32.6˚C was the lowest temperature registered and 37.5˚C the highest. Incidence Patients with hypothermia ( Table 2 ) had more frequently age ≥ 65 years (42% versus 30%, P = 0.025), had lower BMI (25.9  5.0 versus 27.8  5.9, P = 0.001), were more frequently submitted to high risk surgery (35% versus 24%, P = 0.04), had higher scores in RCRI (RCRI ˃ 2, 8% versus 3%, P = 0.019), had less frequently loco regional anesthesia as a unique technic (13% versus 24%, P = 0.016), more frequently a combine anesthesia technic (14% versus 7%, P = 0.011) and more frequently used a forced-air warming technic (42% versus 28%, P = 0.013). The total amount of intravenous crystalloids administrated were higher (median of 1.7 versus 1.2 L., P < 0.001), had a longer duration of anesthesia (median of 150 versus 102 min, P < 0.001) and of surgery (median of 110 versus 70 min, P < 0.001) and had higher scores for visual analogue scale of pain at PACU admission (VAS > 3, median of 2.4 versus 1.0, P = 0.031). Hypothermia was a risk factor for longer length postanesthesia care unit stay (65 -125 versus 75 -147 min., P = 0.009) and was not a predictor for longer hospital stay.
In multiple logistic regression analysis (Table 3) , independent predictors of hypothermia were: age (OR 1.72, 95% CI, 1.01 -2.91, P = 0.045), RCRI > 2 (OR 3.18, 95% CI, 1.05 -9.64, P = 0.041), duration of anesthesia (OR 1.52, 95% CI, 1.26 -1.83, P < 0.001) and VAS pain at PACU admission (OR 2.05, 95% CI, 1.23 -3.45, P = 0.007).
Vital signs measured on admission to the PACU admission (Table 4) showed no statistically significant differences between patients with hypothermia and normothermia, except with regard to pain evaluation.
During hospital stay 2 patients died (one was hypothermic at PACU admission).
Discussion
The principal findings of this study were as follow:
Hypothermia at PACU admission was 32%. Multivariate analysis found that age, RCRI, duration of anesthesia and VAS for pain at PACU admission were independent predictors for postoperative inadvertent hypothermia.
Patients with hypothermia at PACU admission stay longer in the PACU.
The incidence of hypothermia at PACU admission was higher than in other studies that have considered the same cut-off of 35˚C to define hypothermia [1, 12, 19] . In a previous published study performed in the same department [12] , authors found a higher incidence, but the studied cohort was composed of critical care surgical patients.
The use of infrared tympanic thermometers to measure the patient's temperature has been referred as a potential limitation for temperature evaluation. Nierman et al. [20] found that comparing the "gold standard" of a thermistor in a pulmonary artery catheter to infrared tympanic, the tympanic thermometer present a bias (mean difference) of 0.1% -0.4% less than thermistors, situation that could overestimate hypothermia, when the measurement is made by tympanic thermometers [19] . Therefore, considering the greatest reported bias, the real incidence of hypothermia in our study could have been slightly lower. Concerning this subject, Sessler [7] stated that when infrared signals are obtained exactly from the tympanic membrane, the result is real Tc. The limitation that Sessler recognizes to this type of evaluation is that there are infrared systems that, for its size, do not allow to reach the tympanic membrane and therefore are used only in aural canal performing an insufficiently accurate measure for clinical use.
The independent predictors of hypothermia found in this study were age, the RCRI, the duration of anesthesia and pain at PACU admission.
Previous studies have shown that older patients [21] [22] [23] had an increased risk for hypothermia and although the British National Institute for Health and Clinical Excellence (NICE) [2] assume that age is not an important risk factor for the incidence of hypothermia, in this study, age appears as an independent risk factor for postoperative inadvertent hypothermia. This is an important finding since data suggests that older people (over 60 years) have lower temperatures after 3 hours of surgery and at PACU arrival and that some consequences of hypothermia are more severe for older people, especially morbid cardiac events.
Hypothermia may have an effect on the pain experienced by patients who undergo surgery and the link between hypothermia and pain is not well understood. Studies in animals and humans offer conflicting evidence as to how hypothermia affects pain and opioid disposition. In the studies of Kurz [24] and Wongprasartsuk [25] pain scores were identical in two subgroups of patients concerning different strategies to prevent postoperative hypothermia. In another study with the objective of clarifying whether perioperative developed hypothermia affects postoperative opioid requirements, Persson et al. [26] found that there were no postoperative differences in analgesic requirements or pain intensity between normothermic and hypothermic patients. According to our results we can speculate whether it is pain that increases the incidence of hypothermia or if hypothermia leads to more pain postoperatively, but for our knowledge this is the first study in which pain appears as an independent risk factor for inadvertent hypothermia after surgery.
Patients at high risk of perioperative hypothermia are generally those who are at increased risk of a morbid cardiac event [2] it is why it is not unexpected that in our study patients with a higher RCRI had increased risk of inadvertent hypothermia.
What we may conclude is that patients that are at higher risk for hypothermia may also be at higher risk of developing cardiac events what is agreeing with Frank et al. [27] that concluded in their study that in patients with cardiac risk factors the perioperative maintenance of normothermia is associated with a reduced incidence of morbid cardiac events.
According to Putzu et al. [8] , independently of anesthesia technic surgical patients always develop perioperative hypothermia when the surgical procedure lasts more than 30 minutes. In the present study patients with inadvertent hypothermia at PACU admission had longer anesthesia duration but differing with the study of Kongsayreepong et al. [1] duration of anesthesia was not considered an independent predictor for hypothermia.
In our study patients with hypothermia at PACU admission stayed longer in the PACU what is in [2] in which are reported that although four of the six studies showed that hypothermic patients did not spend a significantly longer time in PACU, in the meta-analysis of the study results a weighted mean difference of 3.24 (95% CI, 0.01, 6.48) was found. Also, there was found in this study a positive risk relation between inadvertent hypothermia and the utilization of general anesthesia technic performed as a single technic or combined technic when compared to locorregional anesthesia only, this relation was not considered sufficient to be considered an independent risk factor for hypothermia as indicated by others [12] .
Forced air warmers are one of the most effective means of warming a patient [28] , and there are significant benefits associated with forced-air warming [29] and extra warming with forced air (compared to routine thermal care) may be effective in reducing the incidence of surgical wound infections [24] and postoperative cardiac complications [27] . In our study, the use of warming methods was not an independent protective factor as previously reported [1, 30, 31] . Indeed the use of warming methods was even a risk factor and it should be noted that the Odds Ratio of 1.84 in the univariate analysis (for the use of warming methods) could be explained by the fact that these warming methods were used more frequently in patients with an increased risk for inadvertent hypothermia.
We concluded that the amount of intravenous intraoperative crystalloids was a risk factor for developing hypothermia on arrival at PACU; this was already identified in previous studies [21, 22] . In fact the infusion of crystalloid solutions at room temperature may significantly contribute to intraoperative hypothermia because warming fluids to core temperature requires body heat. Several studies had demonstrated that infusion of warmed fluids helps in the prevention of hypothermia and reduce the incidence of postoperative shivering [32, 33] .
In our study, we did not found a relationship between ASA physical status and core hypothermia. Although, others have claimed that ASA grade greater than ASA I is a risk factor for perioperative hypothermia and that the risk increases with ASA grade [2] .
Of the variables considered in this study, the BMI was a protective variable for core hypothermia, similarly to what has already been indicated by other studies [1] . In the National Institute for Health and Clinical Excellence Guideline [2] it is admitted that increased body weight may have a small protective effect on the incidence of perioperative hypothermia in PACU, but the evidence for body weight and body fat in thermic regulation is inconsistent.
As limitations of our study we may indicate the lack of information about operating room temperature, the absence of data about how often had been used warmed intraoperative fluids and what methods were used to warm them and temperature of patients before surgery. These variables may have had important implications in the observed results. Despite these limitations, the results showed that postoperative inadvertent hypothermia is still frequent. Also, BMI may be protective, high-risk surgery, the technique of combined epidural and general anesthesia, using warming methods and the amount of intravenous crystalloids tended to be risk factors. Age, RCRI, duration of anesthesia and VAS for pain were significant risk factors for inadvertent hypothermia at PACU admission.
Although the adverse effects of hypothermia in surgical patients are well known, incidence remains higher. The knowledge of predictors of perioperative hypothermia may be critical to its prevention and to optimize clinical care provided.
Conclusions
Hypothermia at PACU admission was 32%.
IPH was associated with a longer stay in the PACU. Age, comorbidities duration of anesthesia and pain at PACU admission were considered independent predictors for IPH.
